SF  298  MASTER  COPY 


KEEP  THIS  COPY  FOR  REPRODUCTION  PURPOSES 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  NO.  0704-0188 


Public  reporting  burden  (or  this  collection  of  information  s  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comment  regarding  this  burden  estimates  or  any  other  aspect  ol  this 
collection  ol  information,  including  suggestions  fcr  reducing  this  burden,  to  Washington  Headquarters  Services.  Directorate  for  information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  V A  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0100),  Washington,  DC  20503. 


1.  AGENCY  USE  ONLY  (Leave  blank) 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 

October  12,  2001 


Mobile  Electric  Power:  High  Performance  PEM  Fuel  Cells 


6.  AUTHOR(S) 

William  H.  Smyrl,  Edward  L.  Cussler,  David  A.  Shores, 

Kent  R.  Mann,  Boone  B.  Owens,  Johns  S.  Newman,  Du  Shriver 


7.  PERFORMING  ORGANIZATION  NAMES(S)  AND  ADDRESS(ES) 
University  of  Minnesota 
University  of  California,  Berkeley 
Jet  Propulsion  Laboratory 
Northwestern  University 


5.  FUNDING  NUMBERS 


B.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-221 1 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 

33Ro7.  i-av-r^P- 


11.  SUPPLEMENTARY  NOTES 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and  should  not  be  construed  as 
an  official  Department  of  the  Army  position,  policy  or  decision,  unless  so  designated  by  other  documentation. 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


12  b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  unlimited. 


13.  ABSTRACT  (Maximum  200  words) 


The  report  Summarizes  the  objectives  and  principal  results  of  the  research  carried 
out  over  the  entire  term  of  the  MURI  project.  It  includes  a  list  of  publications 
and  a  list  of  scientific  personnel  involved. 


mil  (g  E  D  \U  E 

[iUCT  1  6  Z001 


14.  SUBJECT  TERMS 

fuel  cells,  electrodeposited  catalysts,  methanol  crossover 


15.  NUMBER  IF  PAGES 

6 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OR  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

UNCLASSIFIED  UNCLASSIFIED  UNCLASSIFIED  UL 


NSN  7540-01-280-5500 


Enclosure  1 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  239-18 


University  of  Minnesota 


Twin  Cities  Campus 


Corrosion  Research  Center 

Department  of  Chemical  Engineering 
and  Materials  Science 
Institute  of  Technology 


112  Amundson  Hall 
221  Church  Street  S.E. 
Minneapolis,  MN  55455 

612-625-4048 
Fax:  612-626-7246 


October  12,  2001 


Bessie  B.  Oakley 

Chief,  Information  Control  &  Analysis 
Department  of  the  Army 
Army  Research  Office 
4300  S.  Miami  Blvd 

Research  Triangle  Park,  NC  27709-2211 
Dear  Ms.  Oakley: 

Enclosed  please  the  original  and  two  copies  of  the  Final  Progress  Report  for  2001  from  our 
research  group.  Please  reference  the  information  below: 

ARO  Proposal  Number:  33907-CH-MUR 

Contract  or  Grant  Number:  DAAH04-95-1-0094 

Title  of  Proposal:  Mobile  Electric  Power:  High  Performance  PEM  Fuel  Cells 
Name  of  Institution:  University  of  Minnesota 

If  we  should  send  more,  please  advise  me.  You  may  reach  me  by  phone,  fax,  or  e-mail  as 
per  below. 

Sincerely, 


M- 

William  H.  Smyrl 
Professor 
Ph:  612-625-0717 
fax:  612-625-7246 
e-mail:  smyrlOOl  ©maroon. tc.umn.edu 


WHS:jlp 


MASTER  COPY:  PLEASE  KEEP  THIS  "MEMORANDUM  OF  TRANSMITTAL"  BLANK  FOR 
REPRODUCTION  PURPOSES.  WHEN  REPORTS  ARE  GENERATED  UNDER  THE  ARO  SPONSORSHIP, 
FORWARD  A  COMPLETED  COPY  OF  THIS  FORM  WITH  EACH  REPORT  SHIPMENT  TO  THE  ARO.  THIS 
WILL  ASSURE  PROPER  IDENTIFICATION.  NOT  TO  BE  USED  FOR  INTERIM  PROGRESS  REPORTS: 
SEE  PAGE  1  FOR  INTERIM  PROGRESS  REPORT  INSTRUCTIONS. 


MEMORANDUM  OF  TRANSMITTAL 


U.S.  Army  Research  Office 
ATTN:  AMXRO-ICA-L  (Hall) 

P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-221 1 


_  Reprint  (Orig  +  2  copies)  _  Technical  Report  (Orig  +  2  copies) 

_  Manuscript  (1  copy)  x  Final  Progress  Report  (Orig  +  2  copies) 

_  Related  Material  (1  copy) 

CONTRACT/GRANT  NUMBER:  DAAHQ4- 95- 1-0094 _ 

TITLE-  Mobile  Electric  Power:  High  Performance  PEM  Fuel  Cells 


is  forwarded  for  your  information. 

SUBMITTED  FOR  PUBLICATION  TO  (applicable  only  if  report  is  manuscript): 


Sincerely, 


William  H.  Smyrl  33907CH-MUR 

Corrosion  Research  Center 
University  of  Minnesota, 

Minneapolis 
Minneapolis,  MN  55455 


Enclosure  4 


REPORT  DOCUMENTATION  PAGE  (SF298) 

(Continuation  Sheet) 

Mobile  Electric  Power:  High  Performance  PEM  Fuel  Cells 


FINAL  PROGRESS  REPORT 


Professor  William  H.  Smyrl 
Professor  Edward  L.  Cussler 
Professor  David  A.  Shores 
Professor  Kent  R.  Mann 
Adjunct  Professor  Boone  B.  Owens 
Professor  John  S.  Newman 
Professor  Du  Shrivel' 


October  12,  2001 


Contract/Grant  Number:  DAAH04-95- 1-0094 


University  of  Minnesota 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


THE  VIEWS,  OPINIONS,  AND/OR  FINDINGS  COTAINED  IN  THIS  REPORT  ARE  THOSE  OF  THE 
AUTHORfS)  AND  SHOULD  NOT  BE  CONSTRUED  AS  AN  OFFICIAL  DEPARTMENT  OF  THE  ARMY 
POSITION,  POLICY,  OR  DECISION,  UNLESS  SO  DESIGNATED  BY  OTHER  DOCUMENTATION. 


REPORT  DOCUMENTATION  PAGE  (SF298) 

(Continuation  Sheet) 

rogram  Objectives  ~~ 

•  Identify  and  characterize  new  polymer  membrane  materials  with  reduced  methanol  permeation 
(Objective  1). 

•  Identify  and  characterize  novel  electrode  structures  incorporating  new  porous  carbon  materials  and 
alternative  catalysts  (Objective  2). 

•  Establish  an  exploratory  fuel  cell  testing  facility  to  evaluate  novel  components  in  a  complete  PEMFC 
environment  (Objective  3). 


II.  Summary  of  the  Most  Important  Results 

MURI  accomplishments 

Objective  1:  (A)  A  basis  has  been  developed  for  evaluation  and  screening  of  commercial  and  new 
polymer  membrane  electrolytes.  The  proton  conductivity  and  inverse  methanol 
permeability  are  the  two  characteristics  that  determine  the  selectivity  basis. 

(B)  A  new  composite  polymer  membrane  has  been  discovered  for  direct  methanol  fuel 
cells.  The  better  membrane  is  a  composite  of  polyvinylalcohol  and  mordenite,  a 
natural  zeolite.  It  is  20  times  more  selective  for  protons  vs  methanol  than  Nafion  - 
the  current  industry  standard. 

(C)  Modified  polyphosphazenes  are  a  new  class  of  rigid  polymer  electrolyte  that  have 
been  synthesized  for  enhanced  conductivity  with  low  rates  of  methanol  transport. 

Objective  2.  (A)  Very  low  catalyst  (Pt-Ru)  loading  levels  of  0.03  mg/cm2  have  shown  good 
performance  for  methanol  oxidation. 

(B)  Reactive  sputtering  of  Pt-Ru  in  oxygen  atmospheres  has  been  shown  to  eliminate 
conditioning  time,  and  there  is  no  need  for  ionomer  in  the  catalyst  layer. 

(C)  Miniature  fuel  cells  have  been  fabricated  for  methanol/air  and  for  hydrogen/air 
utilizing  techniques  adapted  from  microeletronic  and  MEMS  micromachining 
procedures.  The  cells  approach  the  performance  of  large  state-of-the-art  cells  when 
scaled  for  size.  The  cells  are  made  with  high  reproducibility  and  highly  precise 
features.  The  volume  of  an  individual  ceil  is  12  mm3. 

III.  Electrodeposited  Pt-Ru  catalysts  with  loadings  of  0.25  mg/cm2  perform  well  in  both  miniature  cells  and 
in  large  cells.  Comparison  with  state-of-the-art  cells  is  shown  in  Figure  1. 

IV.  Developed  model  to  simulate: 

(1)  the  consumption  of  methanol  in  a  MeOH/02  cell,  and 

(2)  the  rate  of  crossover  in  a  MeOH/O,  cell.  The  model  treated  the  influence  of 
methanol  kinetics  on  the  cell  near  limiting  current,  and  the  influence  of 
incomplete  methanol  conversion  at  the  cathode  at  higher  feed  concentrations. 

(F)  Determined  that  the  crossover  of  methanol  can  be  modified  using  different  electrode 
structures 
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Objective  3:  (A)  A  fuel  cell  testing  laboratory  has  been  set  up  and  several  hundred  cells  have  been 
tested.  Both  direct  methanol  and  hydrogen  fuel  cells  have  been  fabricated  and 
tested.  The  facilities  have  been  used  to  evaluate  several  combinations  of  anode  alloy 
catalysts  and  carbon  support  materials  in  25  cm2  cells  with  Nafion  membranes. 

V.  The  effect  of  contaminant  cations  on  Nafion  conductivity  has  been  measured  for  several  (approx.  20) 

cations.  Corrosion  of  stainless  .Steel  hardware  in  a  fuel  cell  can  contribute  to  loss  of  fuel  cell 
performance  by  contaminating  the  Nafion  membrane. 


2 

Cell  current  (mA/cm  ) 


Figure  1 .  Comparison  of  Miniature  and  Large  Polymer  Electrolyte  Cells  with  State-of-the-Art  Cells.  Catalyst 
Loading  of  the  Miniature  and  Large  Cells  were  0.25  mg/cm:  of  Electrodeposited  Pt-Ru  on  the 
Anode. 
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